The participation of the medial temporal cortex and other cerebral structures in the memory impairment that accompanies aging was examined by means of positron emission tomography. Cerebral blood flow (rCBF) was measured during encoding and recognition of faces. Young people showed increased rCBF in the right hippocampus and the left prefrontal and temporal cortices during encoding and in the right prefrontal and parietal cortex during recognition. Old people showed no significant activation in areas activated during encoding in young people but did show right prefrontal activation during recognition. Age-related impairments of memory may be due to a failure to encode the stimuli adequately, which is reflected in the lack of cortical and hippocampal activation during encoding.
Lesion studies have shown that medial temporal areas, including the hippocampus and adjacent cortices, play a critical role in declarative, or explicit, memory, specifically in the encoding of new memories (1, 2). In brain-damaged patients, the loss of medial have shown memory performance to be dependent on both the hippocampus and adjacent structures (4). One theory (1) is that the hippocampus participates in the storage of new memories by binding together neural activities in distributed regions of the cortex, so that later presentation of all or part of the stimulus context can reactivate the entire network and facilitate retrieval. The role of the hippocampus is thought to be limited in time, so that at some point after the new memory is processed, it can be retrieved without hippocampal involvement (5). Other regions also participate in memory, such as the prefrontal cortex (6-8), which shows frequency potentiation, similar to that seen in the hippocampus, during conditioning (9) , and the inferior temporal cortex (10) , which interacts with the prefrontal cortex during encoding of visual associative ( 11) and delayed match-tosample tasks (7) in monkeys. During the recognition task, subjects were shown two choice faces in each trial, one of which was an unfamiliar distractor, and asked to indicate which had been seen previously in the set of 32 faces. There were no age differences in reaction time, but accuracy was reduced in the older people, to a greater degree for the recognition task than for the matching task ( Table 1) . Areas of significantly increased rCBF were identified by comparison of rCBF images obtained during encoding and recognition with the images obtained during the matching and control tasks (22). During encoding of faces, relative to both comparison conditions (23), young people showed rCBF activation in the anterior cingulate and in the left prefrontal cortex, including the orbitofrontal, inferior, and middle frontal gyri (Fig. 1) . There also was activation in the left temporal cortex, extending over the middle and inferior temporal gyri. In the right hemisphere, significant activation during encoding, compared with both matching and control tasks, was limited to the medial temporal region, including the hippocampus and the parahippocampal gyrus. The old people (24) had no significant activation in the inferior prefrontal or medial temporal cortex during encoding (Fig.  1) . There was an area of increased rCBF in the left ventral temporal cortex similar to that seen in young people during encoding, but rCBF in this area was increased in comparison only with that observed during the control task, not with rCBF observed during the matching task.
The young people showed four regions of significant activation during the face recognition task, relative to both matching and control tasks (Fig. 1) . These areas were in the right prefrontal cortex, including the inferior and middle prefrontal regions; the right parietal cortex; and the bilateral ventral occipital cortices (25). In old people, was seen only in the right prefrontal cortex (26) (Fig. 1) .
Comparison of rCBF activation between groups (27) showed significantly more activation in young than in old people during encoding in the left inferior frontal and inferior temporal cortex and in the anterior cingulate cortex. Despite the significant activation of medial temporal structures in the young people and a lack of significant activation of this region in the old people, there was no significant difference between groups in this area during encoding, mainly because of increased variance in the old people (Fig. 2) . During recognition, there was significantly more activation in young than in old people in the right parietal and occipital cortex. There was no difference between groups in the right prefrontal region, in which both showed significant activation during recognition; and for either task, there were no areas in which old people had more activation than young people.
We also tested whether the functional interactions between the hippocampus and other cortical structures were altered in old people during encoding. Correlation coefficients (28) were computed between rCBF in the right hippocampus (at the maximum for the young people) and rCBF in all other brain areas during encoding in young and old people. In young people, the right hippocampal region was most strongly correlated with the anterior cingulate in a region that was activated during encoding (young, r = 0.94; old, r = 0.02; between-group comparison, P < 0.002, two-tailed test), whereas the largest correlation in old people was between the right hippocampus and the left parahippocampal gyrus (young, r = 0.52; old, r = 0.96; between-group comparison, P < 0.002, two-tailed test).
These results show that in young people, dissociable neural systems participate in encoding and recognition. Face memory encoding was associated with activation of the left prefrontal cortex and recognition with activation of the right prefrontal cortex, a hemispheric difference that has been described previously (8, 29). Patterns of rCBF activation were disrupted in older individuals, particularly during encoding, although there also was incomplete activation of the neural system responsible for recognition. The lack of activation in the areas responsible for encoding suggests that impaired recognition performance in older individuals is caused, in part, by a failure to encode the faces sufficiently. This result also suggests that older people employ no particular strategy, beyond that used in perception, in their attempt to memorize the faces. The between-group differences in correlations between the hippocampus and other brain regions suggest that the old people failed to engage the appropriate network for encoding, which in young people includes the hippocampus and anterior cingulate. Recognition in the old people may have been adversely affected by interference from the faces presented during the matching task that preceded the recognition condition, because older individuals are more susceptible to the effects of distracting stimuli (30). However, given the marked differences in rCBF between the two groups during encoding, it is unlikely that poor recognition in the old people was due solely to interference.
In a previous study, we found no difference between young and old people in activation of the fusiform gyrus area that is primarily responsible for the perception of faces (21). Activation in the prestriate cortex, however, was reduced in older people and was accompanied by increased activation in other regions of the cortex, including the frontal cortex (21). This may reflect an alteration in the cortical networks involved in visual perception by older people in an effort to compensate for reduced efficiency of the prestriate cortex. This change in the networks appears to be successful in maintaining performance accuracy for this perceptual test, at the cost of a reduction in processing speed. In contrast, during memory processing, old people showed less activation of the areas responsible for task performance than did young people during both encoding and recognition, and there was no evidence for functional compensation in the old people during either task. This suggests that a lack of compensatory changes in cortical networks, coupled with reduced activity of critical areas, results in a more marked age-related reduction in cognitive performance.
